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Mathematical modeling
156
In this study, a cylindrical unit cell (Smith and Filz, 2007) was built to describe the behavior 157 of a geosynthetic-reinforced and column-supported embankment. It was applied to the 158 columns close to the middle section of the embankment, but not to those at the embankment 159 toe. As shown in Fig. 1 , the area equivalence technique was adopted to calculate the outer 160 diameter of the cylindrical unit cell, given the column spacing. Keeping this outer diameter 161 and extending the cylinder into the embankment fill, it formed the whole unit cell ( Fig. 2(a) ),
162
which contained a column, the influenced zone of subsoil, and a circular shape of named the equal settlement plane by Terzaghi (1943) . The reader should note that the 179 deformation difference below the equal settlement plane triggers the shear resistance between 180 part A and part B and that the shear stress is kept at the ultimate state up to the equal 181 settlement plane (Fig. 2(a-1) ). Given the vertical stress, σ, under K0 assumption, the shear 182 stress at the ultimate state is: that the thickness and cross section area of the element are dz, and Ai, respectively, the force 190 increment at the cross section of this element can be written as: 
In Eq. (4), to calculate the distribution of σi, the unknown parameter he should be determined, (Fig. 2(a-1) ),
217
at the bottom of the embankment can be calculated as:
where Ef refers to the compressive modulus of the embankment material. Associating Eqs.
220
(4)-(5) with Eq. (6), the following formula can be obtained: 
At this point, the expression of the differential settlement has been obtained but the parameter, 
where wc(z) stands for the vertical displacement in the column. βc is related to the size of the 249 unit cell and αc(z) denotes the deformation factor, which will be calculated in a later section.
251
In the following derivation process, the column and foundation soil are assumed to be For the j th element in the column ( Fig. 2(d-2) ), the following equation is formulated:
Associating Eq. (10) with Eq. (13) gives us the following formula:
According to the finite difference method, the relation between the vertical stress of the j th 278 element and that of the (j+1) th element can be calculated as:
where Δh = l/N.
281
The vertical deformation of the j th element can be formulated as:
Based on the mesh of foundation soil, the geometry of one soil element is ∆h × ∆r, where ∆r 285 = (de-dc)/M ( Fig. 2(d-3) ). Taking one element at the outer boundary, as shown in Fig. 2(d-4) , 286 the vertical force equilibrium of this element is:
. The subscript M refers to the 289 element at the outer boundary.
290
Associating Eq. (10) with Eq. (17) results in:
For the (M, j) th element ( Fig. 2(d-4) ) at the outer boundary of the unit cell, the relationship 293 between the vertical stress on the upper side,
, and that on the lower side, sMj  , of this 294 element can be obtained using the finite difference method:
Then, based on Eq. (19), the displacement change in the (M, j) th element is: 
Deformation of geosynthetic reinforcement
312
In this study, a nonwoven geotextile is used, a kind of geosynthetics that is assumed to be where σu refers to the vertical stress acting on the top of the geosynthetics, while σb means the 322 vertical stress on the foundation soil. θ is the rotation angle of the deformed geosynthetics 323 (Fig. 2(c-1) ) and can be determined as: respectively, adjacent to the column.
327
The tensile strain in the geosynthetics is not uniform: The maximum tensile strain in the geosynthetics is generated at the edge of the column (Liu et thickness of foundation soil) had no effect on the load transfer (Fig. 12) . The observer should 380 note that, in real practice, these parameters in the proposed model, such as the modulus ratio,
381
Ec/Es, the column length, and so on, can be determined from the field tests (Alamgir et al., properties related to the embankment system in different cases are presented in Table 5 . it supports some part of the load, consequently, yields a smaller stress ratio. The effect of the embankment height on the load transfer is illustrated in Fig. 6 . With the 456 modulus ratio, Ec/Es, growing, the stress ratio increases and finally approaches a constant.
457
The embankment height appears to have little influence on the stress ratio without a with an increase in the column spacing, the ratio of he/sn decreases because the widening rate 473 of the column spacing is larger than that of he. However, this ratio remains larger than 0.5,
474
which is compatible with the dome height obtained by Hewlett and Randolph (1988). with a growth in the column spacing, the stress ratio will first increase to a certain degree, Moreover, when the geosynthetic reinforcement is applied, the stress ratio increases 499 accordingly, especially with a large column spacing. reinforcement. The reader may discern that with a small value in the modulus ratio, Ec/Es (Fig.   515 12a), or in the column spacing ratio, de/dc (Fig. 12b) , the column length (i.e., the thickness of 516 subsoil) has little effect on the value of he. However, with a relatively large value in Ec/Es 517 ( Fig. 12a ), or in de/dc (Fig. 12b) , he increases when the column length is extended and 518 remains constant after the column reaches a certain depth, meaning that a relatively 519 significant depth of foundation soil has little influence on the height of the load transfer 520 platform (i.e., equal settlement plane). This is in accordance with the result in Fig. 10 . ratio remains constant after the embankment height has reached a certain level (Fig. 13a) .
525
This means that the soil arching is completely formed, and increasing the embankment height has no effect on the stress ratio. However, with the embedded geosynthetic reinforcement 527 (Fig. 13b) , the stress ratio becomes larger compared to that without such a reinforcement. to the trend of maximum settlement in subsoil (Fig. 14) 
